The spectra of non-structural phenolics in herbage were used to study genetic affinity in polyploid complex of Dactylis L., next in complex of octoploid brome species, and in red fescue cultivar collection. The diploid (2n = 14) subspecies of Dactylis revealed distinct differences from the tetraploid (2n = 28) ones as a clearly specialized group. In the genus Bromus the affinity bounds of the species inside the section (e.g. Ceratochloa) were not very tight in comparison to those between the species from various sections. Also remarkable differences in affinity bonds among red fescue cultivars were determined. Although the conclusions are only based on the results from one year and two sites, they bring significant information on exploitation of phenolic compounds. They demonstrate that phenolic profiles could be used in chemical taxonomy of grasses also at low taxonomic levels as a useful marker. As they are environmentally not as stable as the markers of primary metabolism, plant material for analyses should be standardized as to growing condition, growth stages of plants etc.
The development of DNA-based technology allows versatile research into genetic diversity of plants. It is based on the polymorphism of markers of primary metabolism, esp. enzyme proteins. These compounds are found in all plants and perform metabolic roles that are essential and usually evident.
Beside this, various products of secondary metabolism possessing extreme diversity might be also considered. However, (1) they are often differentially distributed among limited taxonomic groups within the plant kingdom and (2) their functions, many of which remain unknown, are being elucidated with increasing frequency (Croteau et al. 2000) . Chemical markers, such as phenolic compounds, have been still extensively used in botanical chemosystematic studies. These have largely concerned the high or middle taxonomic levels: order, family, genus, section. As a consequence of new, more sensitive and automatic techniques, it is now possible to study phenolic profiles of low taxonomic levels, even of individual genotypes (Hubáček and Lachman 1977 , Jay et al. 1996 , Míka et al. 2004 ). The discussion of plant phenolics is a discussion of plant diversity itself. Although the bulk of these compounds assumed cell wall structural roles, a vast array of non-structural constituents was also formed (Croteau et al. 2000) . They are essential for continued survival of all types of vascular plants. The widespread occurrence of this type of secondary metabolics in Poaceae and currently also in other plant families makes them useful markers for botanical and evolutionary relationships.
Being encouraged by the results of Jay et al. (1996) , intraspecific variability and differences in profiles of phenolic compounds in grass subspecies and cultivars belonging to 3 genera, were examined. Using the cluster analysis the affinity bounds in plant systematic classification according to profiles of phenolic compounds were confronted and compared if they match the official taxonomic classification schema (Dostál 1989) .
MATERIAL AND METHODS
Affinity bounds in low taxonomic levels of grasses were considered in: Figure 3 ) Herbage samples were collected from field trials at 2 sites (Jevíčko, Tábor-Červený Dvůr) in first cut (heading stage) in case of ad 1, and in 3 terms in case of ad 2, 3 (Table 2, The content of 11 non-structural phenolic acids was determined after herbage extraction with a 2M HCl an the fexIKA-Werke 50® extractor, reverse phase on Hypersil BDS C18 sorbent and gradient eluce of mobile phases on the HPLC HP 1100 with DAD detection. The identification of compounds was carried out by the comparison of retention times of standards and by comparison with library of spectra. The data measured (content of phenolic acids in mg/kg dry matter) were standardised, Euclidean measure used and processed by hierarchical cluster analysis according to Ward method.
RESULTS
Caffeic acid dominated among non-structural phenolic acids in cocksfoot and red fescue, followed by ferulic and p-coumaric acids. However, in brome species the caffeic acid took the 3 rd position after chlorogenic and ferulic acids. The presence of rosmarinic acid (Tables 1-3 ) is of interest. Plentiful are also flavonoid compounds like kvercetin, rhamnetin, isorhamnetin and others. Figure 1 . Hierarchical cluster analysis of Dactylis glomerata subspecies (for codes 1-5 see Table 1 ); dendrogram using Ward method; euclidean measure was used; agglomeration schedule using Ward method
But, as to factor loadings, over 3 grass genera studied, ferulic acids provided most information, followed (in descending order) by p-coumaric, vanilic acids, vanillin, p-hydroxybenzoic, caffeic, chlorogenic, rosmarinic, and protocatechuic acids, p-hydroxybenzaldehyde, and finally sinapic acid (Table 4) .
Phenolic profiles are sufficiently specific for single groups of Dactylis, so according to Euclidean measure, the affinity from taxonomy point of view ( Figure 2 shows the differences between fodder cultivars of red fescue, as to phenolic profiles. Small, rescaled distance of cultivars Tradice and Tagera in dendrogram fully agrees with reality, since the former one was derived using the latter one as main component in the breeding program.
In Figure 3 three discreet groups of bromes were singled out according to the dates of the samples collection (cut). Inside each of them the species belonging to the section Ceratochloa (Bromus catharticus, B. sitchensis, B. marginatus, B. stamineus) show a smaller distance among them, whereas B. inermis (section Pnigma) joins them in dendrogram as the farthest.
DISCUSSION
Out of 11 (resp. 9) phenolic acids over 3 grass genera studied most information was provided by ferulic acid, followed by p-coumaric acid, as supports with evidence factor loading (in PCA). Both acids also demonstrate the highest content in Table 2 . Content of phenolic compounds in herbage (mg/kg dry matter) of Festuca rubra fodder cultivars (n = 4) at 3 subsequent sampling stages (Chesson et al. 1982 , Míka et al. 2001 . Their high content probably goes back to the enzyme phenyl (thyrosine) ammonia-lyase, which abundantly occurs in grasses. It is a central enzyme in phenylpropanoid metabolism (Croteau et al. 2000) . Dactylis glomerata is very differentiated species in its both morphological and physiological traits. It creates more subspecies possessing different economic values. Principally it is a complex polyploid with a diploid cytotype. The diploid subspecies separate from the tetraploid ones not only according to isoenzyme and flavonoid polymorphism (Casler et al. 1996) , but also according to phenolic profiles (Figure 1 ). The diploid subspecies prove distinct differences as a clearly differentiated and specialized group (similarly Jay et al. 1996) . This picture fully corresponds to the position of tested diploid and tetraploid subspecies in the frame of Eurasian morphogeographical group enunciated recently according to cytogenetic, morphological, geographic and ecological criteria (Lumaret 1988) .
The phenolic profiles of red fescue fodder cultivars indicated that they might reveal a degree of genetic affinity. Although cultivar Tradice in DUS tests demonstrated different morphological traits from cultivar Tagera, from which it was bred, their phenolic profiles were highly similar (Figure 2) . However, it must be added that molecular technique DNA, which studied compounds of primary metabolism in plants, reacted at least as sensitively in previous tests. The volume of our data is too limited to allow formulation of general recommendation of phenolic profiles as a marker in breeding programmes. The possibility to use phenolic compounds as chemical markers was among the first mentioned by Hubáček and Lachman (1977) . They came to significant conclusions for taxonomy of cultivars of spring and winter barley (Hordeum vulgare L.) on the basis of the content and proportion of phenolic compounds. The representation of phenolic compounds was also used in taxonomy of genus Trisetum (Frey 1996) , Cuscuta (Loffler et al. 1997) , for description of cultivars of grapevine (Di Stefano 1996) and others. Further study of phenolic profiles seems to be then needful and useful, not only for the family Poaceae.
Phenolic profiles in genus Bromus L. specifically demonstrate genetic affinities among species inside the section Ceratochloa (Figure 3) . Stebbins (1981) already expressed the idea that all species of North-American octoploid population (2n = 56) should merge in one species regardless of the barriers made by hydrides sterility, which separates many of them. On the other hand, phenolic profiles of both examined Czech brome cultivars (Tacit/ B. marginatus/belonging to the section Ceratochloa, and Tabrom/B. inermis/belonging to the section Pnigma) demonstrated significant polymorphism and thus justified classification into distinct sections, as stated before.
The relatively biggest difference referring to diversity in phenolic spectra demonstrated herbage samples was in first cut at the stage of heading, smaller in the stage of flowering and smallest in the second cut, in which some brome species do not grow blades, just leafy regrowth. Hence, phenolic spectra recorded at the stage of heading (first cut) in chemotaxonomy research should be preferred (Table 5 ). To use phenolic profiles more widely as genetic markers, these would have to be not only universal and abundant, but also environmentally stable and convenient to determine. Phenolics as a chemical marker can be used as one of the substantial criteria for decisions in plant taxonomy. Rigorously, the expression marker with products of secondary metabolism is not quite correct. The molecules of phenolic compounds are there namely in kind of a balance for a given plant, and they are not biogenetically bound (Jay et al. 1996) . The balance is directed by metabolic processes (genetically fixed) as an adaptation reaction of a plant in its long-term history to selection pressure of the environment (Míka et al. 2002) . Each individual organism produces a highly integrated image of its micro world (Jay et al. 1996) . To evaluate the function values of given molecules or structures it is necessary to make a synthetic analysis of the interaction between genotype and environment and to specify the function of a filter. From this point of view phenolic spectra seem to be somewhat less sensitive compared to markers bound to products of primary metabolism.
On the other hand, introduction of sophisticated laboratory techniques has brought not only a significant increase of detection sensitivity of phenolics, but also due to automation of analytical procedure, a radical increase in the number of analyses. It allows starting intensive research into the use of these markers for lower taxonomic units, for the sake of plant taxonomy as well as other branches.
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